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Abstract 
 
Nonmetric Trait Correlation: A Look at Environmental and Biological 
Influences on Third Trochanter Formation Among Pre-Contact Upper 
Midwest Populations 
 
Binkley, Sarah Jean, M.S. Minnesota State University, Mankato, 2010 
 
Nonmetric traits of the human skeleton are thought to correlate with 
genetic and/or environmental influences; however, to what extent each may 
affect the presence of nonmetric traits has not been clearly substantiated in the 
literature.  Nonmetric traits as defined by Larsen are, “discrete or quasi-
continuous anatomical entities often expressed as gradations from absence to 
full expression” (1997:305).  More precisely, nonmetric traits are anomalies that 
express themselves in the skeleton and are recorded as absent or present.  A 
third trochanter is one of many nonmetric traits present in the femur and is 
defined by Finnegan as, “a rounded tubercle that can be found at the superior 
end of the gluteal crest” of the femur (1978:25).  The third trochanter is 
considered an enthesopathy as well as a nonmetric trait because it is the 
insertion point of the gluteus maximus muscle, “the most superficial muscle in 
the gluteal region” (Gray 1918:426).  Recent studies (Hawkey and Merbs 1995, 
Knusel 2000) indicate that enthesopathies are closely linked to patterns of 
subsistence, habitual activities and geographic location.  It should also be noted 
that enthesopathies have been directly related to pathology, trauma, biological 
diversity, age, hormonal, and rheumatic conditions (Hawkey and Merbs 1995, 
Jurmain 1999).  This research will examine the correlation between sex, age, 
pathology, and environmental influences on the presence of third trochanters in 
pre-contact populations of the Upper Midwest region of the United States. 
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Chapter 1 
Introduction  
Nonmetric traits of the human skeleton are thought to correlate with 
genetic and/or environmental influences; however, to what extent each may 
affect the presence of nonmetric traits has not been clearly substantiated in 
the literature.  To this end, I will be testing three specific questions: Firstly, 
what is the specific relationship, between the presence of third trochanters 
and environmental influences such as habitual activity, patterns of subsistence 
and geographic location?  Secondly, what is the relationship, if any, between 
an individual’s age and sex, and the expression of the third trochanter?  Lastly, 
are pathological formations and third trochanter formation related?  My initial 
thought is that individuals in hunter-gatherer societies would have a higher 
percentage of individuals exhibiting a third trochanter score of two or three, 
while individuals in agricultural societies would have a higher percentage of 
individuals exhibiting a lower third trochanter score of zero or one.  I also 
believe there is likely to be a positive link between pathology and third 
trochanter size, and that diseased individuals will score higher on the 
trochanter robusticity scale than healthy individuals.  To test the above, I 
establish two null hypotheses concerning the data: first, that third trochanter 
formation does not correlate to subsistence patterns, and second that third 
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trochanter formation does not correlate to pathological conditions.  A null 
hypothesis was not possible for age because the sample size was too small.  
The null hypothesis was not done on age because 75% of the individuals could 
not be aged beyond categories such as “older adult” or “younger adult.”  No 
null hypothesis was created for sex because of the subjective nature of sexing 
individuals using primarily measurements of the femur.  In addition, no 
analysis could be conducted on the bilateral symmetry of the third trochanter, 
due to the absence of both femora in most individuals.   
 The skeletal material examined in this research encompasses four 
states: Minnesota, Michigan, Wisconsin, and Illinois.  Figure 1A details the 
general location of the sixteen sites that are included within these areas.  I 
collected the data for this research from collections held at Minnesota State 
University, Mankato in Mankato, Minnesota, as well as Milwaukee Public 
Museum, in Milwaukee, Wisconsin and The Museum of Anthropology at the 
University of Michigan in Ann Arbor, Michigan.  The sites used were chosen 
based on relevant material available at each of their respective locations.  The 
sites used for this research included multiple individuals.  However, I did not 
include every individual from a given site in this project.  My research only 
includes individuals from Pre-contact Upper Midwest sites whose femora 
were at least 80% complete.  Therefore, the numbers used in this project 
might be smaller than the numbers actually present within the site 
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Figure 1A-Map of Sites 
 
 
The focus of this research is on healthy adults.  Nonetheless, some 
subadults and pathological individuals are included for control purposes.  
There are 144 individuals total, 28 of which have pathologies present, 4 
subadults, and 112 healthy adults.  Fifty-one of the individuals are females 
(45.5%), while 42 represent the male sex (37.5%).  Sex could not be 
determined in 19 of the individuals (17%).  Within the sixteen sites, there is a 
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distinction of subsistence mode in that nine of the sites represent groups 
considered to have been hunter-gatherer and seven who practiced 
agriculture.  I based this distinction on dental analysis, specific archaeological 
phase or focus classification, and radiocarbon dates within the sites.  
Classification of subsistence falls within a continuum and is not that 
straightforward.  There is no, one group that is purely hunter-gatherer or 
agriculturalists.  Therefore, for the purposes of this study, individuals that may 
primarily follow a mobile lifestyle are labeled as hunter-gatherers and 
individuals that practice a more sedentary agricultural lifestyle are labeled as 
agriculturalists.   
The chapter to follow will discuss the methods and materials used to 
determine age and sex, along with an identification of subsistence type, 
tradition, phase, and locale among the skeletal remains.  Chapter 2 gives a 
historical overview of not only how research has identified third trochanters 
throughout the past, but also how the presence of third trochanters and 
biodistance studies make up a vital part of anthropological study.  Chapter 3 
discusses how I scored the third trochanter size and graphs out the relation of 
third trochanter size to sex, relative age, and subsistence type.  In chapter 4, I 
discuss each of the 16 sites in relation to their subsistence type to create the 
foundation for the statistical results that I discuss in Chapter 5.  Chapter 5 
discusses my objectives and the acceptance of the two null hypotheses put 
forth in this paper.  Chapter 6 concludes with a discussion of future research 
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as well as summarizing the relationship between third trochanter formation 
and subsistence, age, sex and pathology. 
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Chapter 2 
Historical Overview 
Third trochanters are rigorously defined throughout the 
anthropological literature and are first mentioned in animals ranging from 
beavers, rodents, and horses to gibbons, chimpanzees, and other anthropoids 
(Hrdlicka 1937).  Larsen defines non-metric traits, such as the third trochanter, 
as, “discrete or quasicontinous anatomical entities often expressed as 
gradations from absence to full expression” (1997:305), while Mays states that 
it is, “any minor anomaly of skeletal anatomy not normally recorded by 
measurement” (1998:102).  Similarly, Tyrrell defines them as, “Minor variants 
of phenotypic expression that can be present in all human tissues” (2000:290).  
Regardless of definition, more than four hundred non-metric variants have 
been identified in the human skeleton (Mays 1998).  Whether a correlation 
exists between nonmetric traits and environmental influences has been 
debated since the late 1800’s, with Dr. Julius Wolff’s 1870 work on the internal 
structure of bone.  Dr. W. Arbuthnot Lane and Thomas Dwight developed the 
issue further in the late 1880’s by debating whether both the third trochanter 
and the insertion site for the teres major muscle on the scapula are genetically 
based or activity-induced (Dwight 1889).  Remains from Neanderthal sites, 
namely the Krapina Site, the Grotto of Spy, and the La Ferrassie-I site indicate 
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the presence of third trochanters in at least some Homo neandertalensis 
individuals (Hrdlicka 1937).   
Numerous other authors (Waldeyer 1880; Pittard 1902; Zuccarelli 1904; 
Hrdlicka 1916; and Apostolakis 1931) have documented the presence of third 
trochanters within modern humans before and after the Lane-Dwight debate.  
Waldeyer in 1880 documented third trochanters among Alsatians; Pittard 
documented them among a Geneva population in 1902; and in 1904 Zuccarelli 
found third trochanters within an Italian population.  After Zuccarelli, Hrdlicka 
documented third trochanters among the Lenapé Indians in 1916, while 
Apostolakis identified them in a Greek population in 1931.   
Mays (1998) documents genetic relationships between non-metric 
variation within the human skeletal system and notes that Grüneberg, in the 
1950s was one of the first researchers to examine the genetic basis for 
nonmetric traits.  Grüneberg conducted his research on mice in which he 
studied the absence of third molars and recognized their developmental 
patterns as quasi-continuous (Mays 1998).  More recently, numerous other 
authors have substantiated the presence and importance of nonmetric traits 
such as third molar absence and presence of third trochanters (Mays 1998; 
Finnegan 1978; Iscan and Kennedy 1989; Tyrrell 2000; Armstrong 2003; Berry 
and Berry 1967; and Larsen 1997). 
Hypothesizing that genetics is the only contributing factor to the 
occurrence of nonmetric traits, the presence or absence of those traits within 
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multiple populations can potentially show relatedness among those 
populations.  This relatedness is measured by finding links between cultures 
and the rate of occurrence of metric and non-metric traits.  Jamison, Meier, 
and Thompson-Jacob help define biodistance by stating, “The development 
and widespread use of biodistance analyses account for one continuing 
application of anthropometry by investigators reconstructing population 
relationships and thereby hoping to understand and interpret human 
evolution” (1989:485).  Lipo et. al. characterize biodistance by stating that 
anthropologists “attempt to assess the relative genetic similarity of 
populations through examinations of observable metric features of the human 
skeleton” (2006:124).  Buikstra and Beck (2006) also do a good job of outlining 
the use of biodistance throughout anthropological history.  Rebecca Lane did 
one such study in 1977 to complete her doctoral degree.  Lane used 31 cranial 
non-metric traits along with genealogy charts and censuses to identify 
individuals within the Allegany Seneca culture.  Lane (1977) concluded that 
non-metric traits could evaluate relationships within a population, but not 
between populations.   
The problem often encountered in biodistance studies in relation to 
non-metric traits is that non-metric traits often have a pseudo-genetic basis, 
which means that traits can be influenced by environment just as often as they 
can by genetics.  Thus, calculations of relatedness are unlikely to be 
inaccurate.  Lane (1977) notes that non-metric traits are detectable on a 
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phenotypic level, and traits displayed on the phenotypic level do not have a 
genetic basis alone.  In addition, Jones supports the idea that the environment 
has more of an influence on the body, noting, “The ability to move the body is 
one of the most essential properties of human life.  It is a keystone to the 
ability of a person to adapt to physical conditions around him” (1971:13).  This 
adaptability suggests that repetitive activity may influence third trochanter 
development more so than genetics alone.  Good examples of activity-
induced traits are the medial and lateral squatting facets of the tibia.  The 
proximal and distal ends of the tibiae, as well as the distal portion of the talar 
neck of the talus, develop facets indicative of squatting for long periods 
(Larson 1997).  Dewar and Pfeiffer’s (2004) study on Later Stone Age People in 
South Africa established that squatting facets were found among not only men 
and women equally, but sub-adults as well, indicating that sub-adults are 
squatting at a young age.  Dewar and Pfeiffer’s (2004) examination combined 
with Barnett’s (1954) data show that only 2% of a modern European population 
exhibits squatting facets, thus linking physical activities to non-metric trait 
formation rather than genetics (Dewar and Pfeiffer 2004).  Genetics may still 
have an influence on non-metric trait formation, however traits are more likely 
to develop because of environmental influence.  Simply put, “We bear a 
simple mechanical relationship to our surroundings.  Any change in that 
relationship produces a corresponding alteration in our anatomy” (Matas 
1944: 608). 
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Chapter 3 
Materials & Methods  
Materials 
One hundred and forty-four individuals from sixteen sites, within four states 
make up the skeletal material used for this research.  Research guidelines 
included separating healthy adults below the age of 65, from individuals of 
any age with pathologies.  Individuals with pathologies total 28, while 
subadults total four, thus leaving 112 healthy individuals.  Table 3A gives the 
total number of individuals separated by state.  
Table 3A- Total number of individuals by state. 
Illinois        
Site Name 
Site 
Number 
Total 
People Female Male 
Undetr
. 
Individuals 
with 
Pathology 
Markers Subadults 
Steuben 11MA201 22 6 8 0 7 1 
Michigan        
Site Name 
Site 
Number 
Total 
People Female Male 
Undetr
. 
Individuals 
with 
Pathology 
Markers Subadults 
Arrowhead 20MK83 1 0 0 1 0 0 
Backlund 20ME2 4 1 3 0 0 0 
Bussinger 20SA194 10 3 3 2 2 0 
Fort Wayne 20WN1 2 1 0 0 1 0 
Jason King 20MR2 4 2 2 0 0 0 
Juntunen 20MK1 22 5 7 1 8 1 
Younge 20LP1 4 1 1 2 0 0 
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Minnesota        
Site Name 
Site 
Number 
Total 
People Female Male 
Undetr
. 
Individuals 
with 
Pathology 
Markers Subadults 
Aitkin 21AK9 1 0 0 0 1 0 
Helget 21BW82 2 0 0 0 1 1 
        
Wisconsin        
Site Name 
Site 
Number 
Total 
People Female Male 
Undetr
. 
Individuals 
with 
Pathology 
Markers Subadults 
Aztalan 47JE1 13 3 4 3 2 1 
Big Bend 
47WK14
9 4 1 2 1 0 0 
Karow 47WN57 17 6 4 3 4 0 
Kratz Creek 47MQ39 20 17 1 2 0 0 
Oconto 
County 47OC45 4 1 1 1 1 0 
Raisbeck 47GT112 14 4 6 3 1 0 
        
 
 Seven of the 16 sites are classified as Late Woodland, two are Middle 
Woodland, two are Oneota, one classifies as Mississippian, two archaic, and 
two are noted to be Hopewellian.  Chart 3B documents the specific tradition 
and phase for each of the sites, while Appendix A documents more specific 
site details. 
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Table 3B-Site Details 
Illinois     
Site Name 
Site 
Number Subsistence Tradition Phase or Focus 
Steuben 11MA201 Agriculture 
Late 
Hopewellian Crew or Steuben Focus 
     
Michigan     
Site Name 
Site 
Number Subsistence Tradition Phase or Focus 
Arrowhead 20MK83 
Hunter-
gatherer 
Middle 
Woodland None Identified 
Backlund 20ME2 Agriculture Oneota 
Developmental 
Horizon Locality 
Bussinger 20SA194 
Hunter-
gatherer 
Late 
Woodland 
Western Basin 
Tradition 
Fort Wayne 20WN1 
Hunter-
gatherer 
Late Middle 
Woodland 
(Transitional) 
Western Basin 
Tradition 
Jason King 20MR2 
Hunter-
gatherer 
Late 
Archaic/Late 
Woodland None Identified 
Juntunen 20MK1 
Hunter-
gatherer 
Late 
Woodland Juntunen Phase 
Younge 20LP1 
Hunter-
gatherer 
Late 
Woodland Younge Phase 
     
Minnesota     
Site Name 
Site 
Number Subsistence Tradition Phase or Focus 
Aitkin 21AK9 
Hunter-
gatherer 
Late 
Woodland 
Blackduck and Kathio 
Focus 
Helget 21BW82 
Hunter-
gatherer 
Middle 
Woodland Fox Lake Phase 
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Wisconsin 
Site Name 
Site 
Number Subsistence Tradition Phase or Focus 
Aztalan 47JE1 Agriculture Mississippian None Identified 
Big Bend 47WK149 Agriculture 
1) Middle 
Woodland-
Havana 
Hopewell     2) 
Effigy Mound 
Culture 
1) Waukesha Phase      
2) None Identified 
Karow 47WN57 Agriculture Oneota 
Winnebago Phase 
(Current Ho Chunk 
Ancestors) 
Kratz Creek 47MQ39 Agriculture 
Late 
Woodland 
(Effigy 
Mound 
Culture) None Identified 
Oconto 
County 47OC45 
Hunter-
gatherer 
Archaic- Old 
Copper 
Complex None Identified 
Raisbeck 47GT112 Agriculture 
Late 
Woodland 
(Effigy 
Mound 
Culture) None Identified 
 
After grouping the skeletal material by tradition, I then grouped the 112 
individuals by age and sex, within the following age categories: 20-34 years, 
35-49 years, and 50-64 years.  Brooks & Suchey (1990) and Lovejoy, Meindl, 
Pryzbeck, and Mensforth (1985) age categories as noted in White (2000) gave 
a starting point in determining the age groups.  Yet, the groups contained too 
few individuals for analysis, and as a result, I re-grouped the remains within 
the three larger categories mentioned above for convenience purposes.  
Within each of the age ranges, I have probable females and probable males 
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included with the definite respective sexes, to increase sample sizes for 
statistical analysis.  Appendix B shows specific age categories and individual 
third trochanter size within each of those categories.   
I conducted two chi-squares for a two-by-two contingency table in 
order to test the following null hypotheses: 
 H0: Third trochanter formation is independent from subsistence  
       patterns. 
 
 H0: Third trochanter formation is independent from pathological  
        conditions. 
 
Appendix C documents the specifics of the chi-square statistics used for the 
above null hypotheses.  Null hypotheses one and two have the degree of 
freedom as one, P=<.050, and the region of rejection is 3.84146.  The first null 
hypothesis has a result of .81, while the second has a result of .23, both of 
which are less then the region of rejection of 3.84146.  Although neither null 
hypotheses found a significant correlation, the idea that third trochanter 
formation is affected by outside influences, is not completely lost, it is just a 
matter of understanding to what degree formation is influenced by conducting 
a more controlled study.  
Methods 
Age-determining methods used vary depending upon which bones 
were present for each individual.  For the pubic symphysis, I used Suchey-
Brooks’ (1990) pubic symphysis six-phase age determination chart as well as 
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Lovejoy, Meindl, Pryzbeck, and Mensforth (1985) auricular surface phases, 
which White (2000) documents.  For estimation of cranial age, I used 
Ubelaker’s (1989) suture closure chart; I also determined age by sub-adult 
long bone length, epiphyseal union, and tooth eruption (Ubelaker 1989).   
General anthroposcopic methods outlined in Buikstra and Ubelaker 
(1994) and Bass (1992) were used to determine the sex of individuals.  The 
specific bones used include, but are not limited to, the characteristics of the 
skull, innominate characteristics, femoral length, and diameter of the femoral 
or humeral head.  
 Pathologies such as osteoarthritis, periostitis, and osteomyelitis, were 
assessed using Robert & Manchester (1995) and White (2000).  Any pathology 
or trauma, healed or active, found on the femur, tibia, fibula, or innominate, 
separated those individuals from the healthy ones.  For the reason that 
pathology or trauma of the femur or surrounding bones may cause added 
stress on the body and affect third trochanter formation, thereby biasing the 
data set.  For a complete list of individuals with pathologies and individuals 
excluded from the study see Appendix D.   
Hawkey & Merbs (1995) and Armstrong (2003) are the two resources 
from which my robusticity chart developed.  Hawkey & Merbs (1995) focus on 
activity-induced musculoskeletal stress markers in ancient Hudson Bay 
Eskimos.  They examined 23 stress markers on 136 individuals and found 
labor differences between the sexes and noticed dominance in right side 
 
  
  16     
     
usage over the left side of the body.  Armstrong (2003) examines 
musculoskeletal stress markers in four Mimbres populations.  He examined 34 
muscle insertion sites of thirty skeletons and found right side dominance as 
well as sex differences in conjunction with certain muscle attachment sites.  
The robusticity chart I created is not an exact replica of the charts used by 
either Hawkey & Merbs (1995) or Armstrong (2003).  I combined both of their 
robusticity charts and reworded them to fit the needs of the current study.  
The first thing noticed is that Hawkeye & Merbs (1995) and Armstrong (2003) 
documented the zero indexes for robusticity as simply, “No expression.”  In 
my study, I wished to lessen observer error by acknowledging general 
scarring that can be present on all bone at muscle insertion sites.  Therefore, 
my zero indexes reads as follows:  
The cortex does not exhibit an enlarged tuberosity on the 
superior end of the gluteal line.  General scarring may be 
present from the gluteus maximus muscle, but there is no distinct 
elevation increase lateral of the lesser trochanter. 
 
For scores one through three, the numeric value does not change; only 
the way each trochanter size is categorized.  Another major difference 
between my chart and those of Hawkey & Merbs (1996) and Armstrong 
(2003) is that they relate the presence of sharp crests to an increase in 
trochanter size.  I, on the other hand, found that the presence or 
absence of crests does not directly relate to the size of the trochanter, 
but to muscle use and the scarring left on the bone.  Therefore, an 
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individual exhibiting a third trochanter score of one can have a very 
small mass, but sharp ridges.  The shape of the trochanters, whether 
they are mound or elliptical, has no influence on the scoring of the 
trochanter either.  Examining the mass of the trochanter is the 
foundation for scoring a trochanter appropriately.  There are no 
measurements of the trochanters taken because there is no uniform 
shape or size identified within any human group.  As was stated earlier, 
the mass of the trochanter is the vital part of scoring third trochanters.  
A size one, third trochanter has a slight mass that is usually smooth to 
the touch, but can have ridges based on the amount of scarring present.  
The same goes for scoring a two or a three.  The following pictures will 
help clarify that point.  There are two different pictures, which both 
exhibit a size three.  The first picture shows a third trochanter with a 
large mass in a small area and no sharp crests, while picture 2 shows 
the same amount of mass, spread out over a longer area with rounded 
edges.  Appendix E lists Hawkey & Merbs (1996), Armstrong (2003), 
and my robusticity chart, while Appendix F provides further pictures of 
trochanter size, pathologies, and unique bone structures found in the 
bones under study. 
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Picture 1:Third trochanter score of three 
 
 
Picture 2: Third trochanter score of three 
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Chapter 4 
Data Background  
 The Upper Midwest region of the United States generally includes the 
following states: Minnesota, Wisconsin, Iowa, Indiana, Illinois, North Dakota, 
South Dakota, and Michigan.  This research, however, covers only some of this 
region, namely: Michigan, Minnesota, Wisconsin, and Illinois; and from those 
states sixteen sites were included in this study (Arrowhead, Bussinger, Fort 
Wayne, Jason King, Juntunen, Oconto, Younge site, Aitkin, the Helget Site, 
Backlund, Stueben, Aztalan, Big Bend 2, Karow, Kratz Creek, and Raisbeck 
site).  Among the sixteen sites studied two basic subsistence modes exist, a 
hunter-gatherer and agricultural.  Hunting medium and large fauna and 
gathering local plants, fruit and nuts, define hunter-gatherer populations of 
which nine are included in this research (Arrowhead, Bussinger, Fort Wayne, 
Jason King, Juntunen, Oconto, Younge site, Aitkin, and the Helget Site).  
Agricultural populations rely on crops that are planted, harvested, and cared 
for on a daily basis.  This subsistence mode characterizes seven of the sites in 
this research (Backlund, Stueben, Aztalan, Big Bend 2, Karow, Kratz Creek, 
and Raisbeck site).  The hunter-gatherer populations are broken down into 
the following traditions: the Archaic Old Copper Complex, the Middle 
Woodland, and Effigy Mound Culture.  While within the agricultural 
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populations, the Oneota, Hopewell, Mississippian, and Late Woodland 
traditions are indentified.  Appendix A and Chart 2B detail the specific phase 
or focus for each site. 
Within the classification of agriculture exists an uncertainty of when the 
shift from hunter-gatherer to agriculture took place.  Within this research, the 
uncertainty mainly pertains to the Effigy Mound Complex, in which the people 
are a semi-sedentary group (Birmingham and Eisenberg 2000, Rowe 1970).  
However, around 900 AD-1000 AD, corn and agriculture became more 
important; how important and at what period are debatable.  Birmingham and 
Eisenberg state, “From Late Woodland habitation and burial mounds in 
Wisconsin, archaeologists have collected evidence that the cultivation of corn 
became increasingly important in the diet of Late Woodland people after 900 
AD” (2000:102).  Holman et al reaffirm this statement within the Effigy Mound 
Culture of Michigan, 
After about 1000 AD, boundaries between groups were more 
strictly drawn than they were previously.  These boundaries are 
evidenced by greater differences in ceramic style than were 
present earlier and by more restricted distributions of Norwood 
and Bayport chert.  Apparently, these materials were no longer 
given as gifts.  Additionally, earthworks in some areas suggest 
more strict boundary maintenance.  Exchange of maize for game 
to buffer risk against food scarcity was probably more formal 
(Halsey 1999:220). 
 
The debate emerges by distinguishing between plant use and plant utilization.  
Simon’s notation of Johannessen (1993) states that two different types of plant 
utilization exist, “Native farmers cultivating crops and gatherers using 
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cultivated plants on a supplemental basis” (2000:59).  Simon (2000) also points 
out that sometimes it’s not as easy to separate sites or people into one of those 
groups, because, “Proximity to groups cultivating crops as well as population 
movement and local population size are probably also critical factors” (2000: 
59).  Within this research, only three sites may be affected by the previously 
mentioned debate (Big Bend, Kratz Creek, and Raisbeck), and are considered 
agricultural due to their radiocarbon dates.  For the purposes of this paper, 
groups in the Upper Midwest dated to before 1000 AD are more likely to be 
hunter-gatherers, while groups existing after 1000 AD are likely to have 
practiced at least some agriculture.   
Sites Identified as Hunter-Gatherer 
Oconto County 470CO045 
Oconto County (47OC0045) is the site of an Old Copper Complex 
cemetery that contained 21 burial pits and seven cremation burials.  
Excavation began in 1952 by Ritzenthaler and Wittry, unearthed forty-five 
individuals, of which four are included in the current research (Wisconsin 
State Site Report 1996).  The site is located in Oconto County 3 miles above 
the Oconto River entrance into Green Bay.  Copper awls, spear-points, 
fishhooks, bone whistle, shell bracelets, projectile points, shells, and a small 
amount of faunal remains were among the artifacts found within the Oconto 
site.  Although earlier radiocarbon dates were unreliable, 2590 BC is the 
 
  
  22     
     
current radiocarbon date for the Oconto site (Wisconsin State Site Report 
1996).  The Old Copper Complex dates between 4000 BC and 1500 BC and is 
a non-pottery-producing culture (Birmingham and Esienberg 2000, 
Ritzenthaler 1956).  Susan Pfeiffer’s (1977) dental analysis of the remains 
indicates that only one individual showed any signs of caries, which is 
congruent with a hunter-gatherer society.  
Arrowhead Drive Site 20MK83 
The Arrowhead Drive Site (20MK83) is a Middle Woodland, hunter-
gatherer site dated at 50 AD located in Bois Blanc Township (Michigan State 
Site Report 1983).  Very little information is known about the Arrowhead Drive 
site, but the state site report documents that Eyman excavated the site in 1962 
and found seven individuals, one of which is included in this research 
(Michigan State Site Report 1983).   
Helget Site 21BW82 
Site 21BW82, the Helget site, is located in Brown County, Minnesota and 
was excavated in 1995 by Hagglund, Mathys, and Koenen (Minnesota State 
Site Report 1996).  The state site report identifies the Helget site as a pre-
contact site with a possible Woodland tradition.  Artifacts found within the site 
include a few lithic flakes, human remains, and some debitage.  The state site 
report indicates only three burials were found, and list no exact number of 
individuals and only one is included within this research (Minnesota State Site 
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Report 1996).  Recent radiocarbon dating indicates a date of 50 AD-130 AD, 
which falls within the Middle Woodland Tradition.  Anfinson (1997) discuses 
the Early, Middle, and Late Prehistoric populations within southwestern 
Minnesota and identifies numerous phases within each period; the Helget 
radiocarbon dates fall into the Fox Lake Phase within the Middle Prehistoric 
Period.  According to Anfinson (1997), there are three phases within the 
Middle Prehistoric Period, the first being the Mountain Lake Phase dating to 
3000-200 BC, followed by the Fox Lake Phase, 200 BC- 700 AD, and 
concluding with the Lake Benton Phase dating 700 AD-1200 AD.  The Fox Lake 
Phase and the Helget site encompass a hunter-gatherer subsistence within the 
Middle Woodland Tradition. 
Fort Wayne 20MR2 & Bussinger 20SA194 
Fort Wayne (20MR2) and the Bussinger Site (20SA194) are two of ten 
sites in Michigan that Stothers (1999) notes as being of uncertain classification; 
the Sissung, Gibraltar, Waterworks Mounds, Indian Mound Park, Riviere au 
Vase, Butler, Fletcher Tobico, and Jahr sites are the others.  The Fort Wayne 
site was excavated in 1837 by John T. Blois and then again in 1876 by Henry 
Gillman and is located in Wayne County (Michigan State Site Report 1992). 
The site report does not document the exact number of individuals found, but 
one individual is included in this data, which is dated at 750 AD.  The 
Bussinger Site was excavated in 1965 by Arthur Graves and then in 1966 and 
1967 by John Halsey and is located in Saginaw County behind the Jordan 
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School and is possibly related to the Jordan School Site (20MR246) (Michigan 
State Site Report 1992).  There is no documentation within the site report of the 
exact number of individuals, however eight are included within this research 
and are dated at 1000 AD.  There are three different classification hypotheses 
regarding the east central and southeastern parts of Michigan, and Sagninaw 
Valley specifically.  The initial was put forth by Fitting (1965) states that the 
Fort Wayne site has two possible interments episodes based on the ceramics 
found: Late Middle Woodland, (Wayne Tradition) and Late Woodland, (Young 
Tradition).  The revised classification system used today now classifies, “the 
Young Tradition as the Western Basin Tradition” (Stothers 1999).  Stothers 
(1999) sums up the last two theories.  The second, specifies that the Wayne 
Tradition and Western Basin Tradition co-existed from 500 AD-1200 AD.  The 
third, backed up by Stothers (1999) himself, is that the Wayne and Western 
Basin Tradition are in fact one culture.  The debate concerning the Fort Wayne 
and Bussinger site is only about how to classify the ceramics found within the 
sites.  Conversely, the concerns of this research are not on the ceramics, but 
on the subsistence type, all of which fall under a hunter-gatherer lifestyle.  
Younge Site 20LP1 
The Younge site (20LP1) excavated by Greenman in 1935, unearthed 
102 individuals of which four were usable within this research.  The site is 
located in Lapeer County and is dated 900 AD-1100 AD.  Greenman (1937) 
states that pipe fragments, potsherds, animal bones, lithics, and flint chips 
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found within the excavations, are indicative of a hunter-gatherer society.  
More specifically, the Younge phase is categorized mostly by its ceramics 
with little information on a specific subsistence type (Fitting 1965).  However, 
Greenman’s (1937) analysis of the human remains indicates heavier attrition, 
with less cavities in males than in females, which is indicative of a hunting-
gathering lifestyle.  Since the excavation, archaeologists debate the 
background of the Younge site, and Bechtel and Stothers indicate that the 
Younge Site, “may have functioned as a regional center for mortuary activity 
instead” (1993:112).  There are two hypotheses regarding this site; one is that 
the Younge site is a regional mortuary center within the Western Basin 
Tradition; while the more popular one is that it is a hunting-gathering village 
within the Younge Tradition.  For the purposes of this research, because of the 
dental analysis done by Greenman (1937), this site is categorized as a hunter-
gatherer culture type.  
Juntunen Site 20MK1 
The Juntunen Site (20MK1), primarily a fishing village, was occupied 
from 800 AD-1400 AD.  Eyman originally excavated the site in 1932 and found 
only one ossuary.  Two more excavations were completed in 1961 and 1963, 
from which more ossuaries, along with animal bone, lithics, ceramics, and 
copper workings were found.  The three excavations unearthed seventy-two 
individuals, of which 22 are included within this study (Michigan State Site 
Report 1983).  This site is unique because it is located in the Great Lakes 
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drainage basin: it encompasses numerous stratigraphies, and was occupied 
for 600 years (McPherron 1967).  Within the site, three different phases or foci 
exist: Mackinac Phase, Juntunen Phase, and the Bois Blanc Phase.  McPherron, 
nicely sums up the Juntunen Site, “The site is a crossroads that is sensitive to 
developments in a number of directions and does not represent a ‘culture,’ 
but only one phase in a sequence of seasonal rounds (1967:298-299).”  Two of 
the three phases mentioned earlier, the Mackinac and the Bois Blanc, both 
pertain to the soil stratigraphy, while the Juntunen phase pertains to the 
ossuaries (McPherron 1967).  Although this site may not represent one culture, 
a hunting-gathering subsistence is the dominant tradition throughout 
(McPherron 1967).    
Aitkin County 21AK9 
Aitkin County (21AK9) is a multi-component site that dates to between 
9500 BC -1837 AD, located in Aitkin County, Minnesota.  Hagglund and Jones 
found ceramics, lithics, human, and animal remains, while excavating this site 
in 1995 (Minnesota State Site Report 1995).  The Aitkin site is actually an island, 
“which was named Battle Island by locals because it was thought to be a 
historic battle site between the Dakota and the Chippewa in 1730 (Gibbon 
1987).  Within the excavation, five small burial mounds were found of which 
one individual was used in this research only for comparative purposes due to 
pathologies on the skeleton.  The human remains found within the site are pre-
contact in age and date to the Late or Terminal Woodland time-period.  
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Gibbon breaks the period down into the, “Initial Woodland time period dated 
200 BC- 500 AD, a transitional period between 500 AD-800 AD and then finally 
the Terminal Woodland period dated 500 AD-1680 AD” (2003:25).  Wilford 
(1955) breaks down the Terminal Woodland time period into pattern, phase, 
aspect, focus, and components.  The state site report classifies Battle Island 
within the Blackduck and Kathio focus, both of which fall under the Lake 
Michigan Phase (Minnesota State Site Report 1995).  Blackduck and Kathio foci 
are often categorized together because only slight differences exist between 
what we know of the two foci, and because there is not much known about the 
Kathio focus, according to Arzigian & Stevenson (2003).  Archaeologists 
identify the Kathio focus by a lack of burial goods and by the presence of 
secondary burials.  The Blackduck focus is a hunter-gatherer group that 
utilizes numerous resources such as wild rice, fish, deer, elk, and other 
smaller species (Arzigian & Stevenson, 2003). Arzigian & Stevenson (2003) 
and Gibbon (2003) associate the Dakota Indians with the Kathio and 
Blackduck focus.  The Dakota are one of three main divisions within the Sioux 
Alliance, with the Lakota and Yankton being the other two (Gibbon, 2003).  
Jason King 20MR2 
Jason King site (20MR2) is located in Monroe County, Michigan, in 
Raisinville Township. Hinsdale, Greenman, and Angell excavated the site in 
1937.  Among the material found were lithics and human remains (Michigan 
State Site Report 1983).  After the initial excavation in 1937, Brose excavated 
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the site again in 1966; this was followed by the finding of three more sites 
within the immediate area (20MR595, 20MR596, 20MR597) known as the King 
Pits, Jason King and King Scatter (Michigan State Site Report 1983).  The state 
site report categorizes all four of these sites as the Jason King Lucy Site.  
However, the remains examined in this study were recovered from the 
original site (20MR2) that is the affiliation used in this research (Michigan State 
Site Report 1983).  The original excavations revealed Late Archaic lithics and 
Late Woodland ceramics, more specifically Brewerton Stemmed points and a 
grit-tempered cordmarked body shard and although the site report does not 
indicate the exact number of individuals found, four are included within this 
research (Michigan State Site Report 1983).  Although there is no radiocarbon 
date available, the state site report associates the burials with the Late Archaic, 
a period associated with a primarily hunter-gatherer subsistence mode 
(Michigan State Site Report 1983). 
 
 Sites Identified as Agriculturalists 
Big Bend 47WK149 
Waukesha County is located west of Milwaukee, Wisconsin and 
contains the site, Big Bend (47WK149).  The Big Bend site has two groups of 
mounds; Lapham excavated the first one, Big Bend 1 in 1850, followed by 
Stephen Peet in 1890 (Wisconsin State Site Report 2003).  Big Bend 2 has seen 
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numerous small excavations throughout the years.  The first excavation was 
carried out in 1902 by Ellarson, while Brown excavated in 1910 and 1913, 
followed by Wood in 1934 and Ritzenthaler, Mayer, Riedy, and Cakans in 1961 
(Wisconsin State Site Report 2003 and Milwaukee Museum Site File 1997).  
According to Brown (1923), Big Bend 1 consists of six oval mounds, one 
panther effigy, and an unusual fishhook-shaped earthwork.  This research 
only includes individuals found within the second group of mounds, Big Bend 
2, which consists of fourteen linear, one effigy, and thirteen conical mounds 
(Brown 1923).  Big Bend 2 excavations unearthed fifteen individuals, of which 
four are included within this research.  The Milwaukee Museum’s NAGPRA 
report indicates two radiocarbon dates:  200 BC-400 AD and 800 AD-1100 AD.  
The first date of 200BC-400AD is indicative of the Havana Hopewell, more 
specifically the Waukesha phase, while the second, 800 AD-1100 AD, 
encompasses the Effigy Mound Culture (Milwaukee Museum NAGPRA Report 
1996-1997).  Both the Effigy and Hopewell societies are semi-sedentary 
groups, as defined by Rowe (1970) and Birmingham and Eisenberg (2000) and 
with the radiocarbon date of 800 AD-1100 AD, this site classifies within the 
agricultural subsistence. 
Kratz Creek 47MQ39 
Conical, linear, panther, bear, bird, lizard, and rabbit effigies make up 
the 51 mounds of the Kratz Creek site (47MQ39).  Excavated in 1917 by Barrett 
and Hawkes, Kratz Creek was likely built at two different times based on form, 
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construction, artifacts, as well as the overlapping of the mounds (Milwaukee 
Museum Curator Report 1996, Barrett and Hawkes 1919).  Fireplaces, altars, 
arrowheads, pottery, animal sacrifices, shell, and the human remains of 56 
individuals were found within the mounds, of which 20 individuals are 
included in this study (Barrett and Hawkes 1919).  Kratz Creek dates to 800 
AD-1100 AD, which places it in the Late Woodland Effigy Mound Culture.  
However, since there is no specific phase or focus identified to help link a 
subsistence type to the site, Kratz Creek is placed within the agricultural 
subsistence based on it’s radiocarbon date of 800 AD-1000 AD.  
Raisbeck Mound Group 47GT112  
Rowe states that, “The Raisbeck mound group is the second largest 
Effigy mound site in the state of Wisconsin,” (1979:18).  The Raisbeck mound 
group (47GT112) consists of 85 mounds, excavated in 1932 by McKern 
(Milwaukee Museum Curator Report 1996).  Recovered materials include 
stone altars, rim sherds, turtle shell, burnt animal bone, charcoal, postmolds, 
lithics, and pottery pipes.  Twenty burials were located as well, with an 
estimated 80 individuals present, of which thirteen are included in this 
research (Sullivan 1985).  The Raisbeck mound group dates to 800 AD-1000 
AD, with no specific phase or focus identified (Milwaukee Museum NAGPRA 
Report 1997).  The actual data were not published when it was excavated, and 
therefore, little is known about the skeletal material.  Yet, Sullivan (1985) 
states that the dental analysis indicates a more carbohydrate filled diet and 
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documents the presence of Tuberculosis, both of which can be linked to 
agricultural societies.  Sullivan’s (1985) analysis, the presence of Tuberculosis, 
and the radiocarbon date of 800 AD-1000AD all indicate this site as 
agricultural. 
Aztalan 47JE1 
In 1835, Timothy Johnson discovered one of the most well known sites 
in the Midwest, and is a National Historic Landmark located in Jefferson 
County (Wisconsin State Site Report 2010).  Lapham conducted Aztalan’s 
(47JE1) preliminary excavation in 1850, followed by Barrett’s scientific 
excavation in 1919 (Wisconsin State Site Report 2010).  Excavation unveiled 
over 3000 artifacts, which include beads, ceramics, lithic and bone tools, 
jewelry, ornaments, and human remains, of which 13 individuals are included 
within this research (Wisconsin State Site Report 2010).  Aztalan is a 
Mississippian village site dated at1100 AD-1300 AD, and although this may be 
debatable among some, what is not debatable is that the people of Aztalan 
grew crops and lived a semi-sedentary, agricultural lifestyle (Birmingham and 
Eisenberg 2000).  The state site report indicates that there is, “a strong 
connection between Aztalan and the Middle Mississippian site of Cahokia.  
Aztalan has been interpreted as a northern Middle Mississippian outpost, 
possible trading center and/or colonization attempt” (Wisconsin State Site 
Report 2010). 
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Karow Site 47WN57  
Kannenberg and Dartt started excavations in 1932 at the Karow site 
(47WN57), which is located in Winnebago County, Wisconsin (Wisconsin 
State Site Report 1993).  In 1945, McKern continued excavations, in which he 
unearthed antler, shell, pottery, lithics, pipes, food refuse, and 55 individuals, 
of which 17 are part of the current data set.  The Karow site is an agriculturally 
based site dated at 1350 AD-1500 AD and is classified as an Oneota site, more 
specifically of the Lake Winnebago Phase (Museum NAGPRA Report 1997).  
The Karow site is one of the rare sites that link to a current tribe, the Ho-Chunk 
of Wisconsin, the Iowa tribe of Oklahoma, or the Iowa tribe of Kansas.  My 
osteological examination of the Karow site has revealed an unusual number of 
individuals with high femoral torsion and bowing, which is documented in 
Appendix G.  I examined each individual carefully to determine if the bowing 
was pathologically or naturally occurring, and only one individual with noted 
to have osteophytic lipping on the tibia.  This bowing may have an affect on 
the occurrence of third trochanters, because it seems that the Karow site has 
the highest percentage of third trochanters scoring a three, which will be 
discussed in detail in the analysis section of this paper. 
Backlund Mound Group 20ME2 
Spaulding and Hruska directed an excavation in 1956 that unearthed 26 
individuals, four of which I include in this research, near the Menominee River 
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in Menominee County, Michigan (Overstreet 1995 & Brose 1968).  The 
Backlund Mound Group (20ME2) consists of eight mounds, which yielded 
faunal remains, charcoal, pottery sherds, projectile points, and scrapers.  In 
1968, Brose noted that the Backlund site is a perplexing site because one 
specific culture could not be identified due to numerous cultural ceramic 
representations.  The date of the Backlund site has changed a few times.  
Initially, Brose (1968) stated that the Late Woodland and Oneota were 
represented at the Backlund site with a date of 1000 AD-1300 AD.  Fitting 
(1975) dated the site at 1340 AD +/- 110 years, which is uncalibrated and was 
cross-dated with the Juntunen site.  Finally, Boszhardt, Holtz and Nienow (1995) 
document the site as existing between 1207 AD-1519 AD, with a 95.4% 
confidence level.  Given the date of 1207 AD-1519 AD, the site is likely 
identifiable as Oneota Culture (Boszhardt, Holt, and Nienow 1995).  Overstreet, 
given the date, would place the Backlund site within the, “Oneota Tradition 
Nomenclature,” and more specifically within the, “Developmental Horizon 
Locality” (1995:34).  Fish and mussels, in conjunction with beans and corn, 
categorize the Developmental Horizon locality, being the main source of 
protein in the diet (1995:34), and thus the Backlund site can be characterized 
as following an agricultural subsistence.  
Steuben Site 11MA2 
The Steuben site (11MA2) is located in Marshall County, Illinois and 
consists of a village site and nine burial mounds.  Within the site, Griffin and 
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Spaulding’s 1955 excavations yielded copper artifacts, ceramics, lithics, bone 
tools, game pieces, turtle shell artifacts, shell hoes, scrapers, drilled bear 
canines, and human remains (Illinois State Site Report 1971).  The ceramics 
found within the site are reflective of a Late Hopewellian style, more 
specifically two different Late Hopewellian styles, the Weaver and the 
Hopewell (Morse 1963).  However, Morse (1963) notes that there is a greater 
proportion of Weaver than Hopewell, which is indicative of either the Steuben 
or the Crew focus.  However, Baerreis (1966) disagrees with categorizing the 
site within the Crew or Steuben focus and states, “Given the data presented, 
calling this site Late Hopewell is more appropriate and meaningful than is the 
creation of foci” (1966:31).  Either way, both individuals agree that the 
Steuben site is a Late Hopewell site, which is an agriculturally based culture.  
The radiocarbon date for the Steuben site is 1275 AD-2010 AD, (Morse 1963) 
and of the fifty-eight individuals found, 22 are used within this research.  
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Chapter 5 
Statistical Results and Analysis 
This research addresses several objectives.  First, what is the specific 
correlation between the presence of third trochanters and environmental 
influences such as habitual activity, patterns of subsistence, and geographic 
location?  Second, what is the correlation, if any, between an individual’s age 
and sex, and the expression of the third trochanter?  Lastly, are third 
trochanter formation and pathological conditions related?  There are 144 total 
individuals in my data set including those individuals with pathologies.  There 
were four subadults and 28 adults documented as having disease or trauma, 
thus leaving 112 healthy individuals.  The 112 individuals were grouped by 
age, sex, subsistence, and trochanter size in order to identify patterns.  I 
classified individuals with different third trochanter sizes on their left and right 
femora with the larger number, so an individual exhibiting a third trochanter 
score of two on the right femur and a one on the left femur, is classified as a 
two.  I conducted two chi-squares with the following null hypotheses: (1) Third 
trochanter formation is independent from subsistence patterns and, (2) Third 
trochanter formation is independent from pathological conditions.  A chi-
square was not done on sex or age due to small sample size.  
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The second objective involves the relationship of third trochanter 
scores with an individual’s age and sex.  Among the 112 individuals in this 
study, 86% of them exhibited a noticeable third trochanter, leaving a 14% of 
the sample that did not evince third trochanters.  Of the 96 individuals that 
exhibited a third trochanter, 30% of them were males while 39% were 
females and 16% were of indeterminate sex.  The graph below documents the 
above percentages. 
Graph 5A-Third trochanter score graphed by sex of healthy individuals 
 
In regards to an individual’s sex in relation to third trochanter formation, a 
small difference exists between males and females, with 29% of the males 
exhibiting a third trochanter score of 3, while 12% of females exhibited a third 
trochanter with a score of 3.  In addition, 39% of the females exhibit a third 
trochanter with a score of 2, and males 19%.  A third trochanter with a score of 
1 documents females at a 35% and males at a 33%, while a score of zero 
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documents females at a 14% and males at 19%.  Overall, individuals with a 
trochanter score of any size, shows the females having a higher percentage 
(39%), while the males were slightly lower (30%).  These numbers could 
indicate that the females in the societies may be doing more or different work 
than previously thought, in that their daily activities are more influential in 
trochanter formation than the males’ occupations in the society, or maybe it is 
simple sexual dimorphism.  This idea can only be tested with a larger sample 
size.  With 86% of the total individuals exhibiting a third trochanter, one could 
hypothesize that there is a common activity among all the populations and 
further with 39% of individuals with third trochanters being females, one 
might also hypothesize that the females in the populations possibly share a 
common activity that the males may not.  One activity that all individuals in 
general share is walking.  The gluteus maximus muscle, according to Gray 
(1918), does several things.  First, it is, “connected to the power that the 
individual has to regain the trunk in the erect position after stooping,” as well 
as, “steadying the femur on the tibia during standing,” and acts as an, 
“adductor and external rotator of the limb“ (1918:431).  The actions of 
adducting and externally rotating the limb aid an individual in walking, which 
could perhaps explain the high number of individuals with a third trochanter, 
but it doesn’t explain the higher number of females that exhibit third 
trochanters.  The main action of the gluteus maximus muscle is regaining the 
trunk in an erect position, and this may explain why more females have third 
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trochanters than men do.  In most hunter-gather and agriculturally based 
societies, generally speaking, the males are the hunters or harvesters and the 
females are the gatherers or the ones that usually prepare food, hides, and 
ceramics to be used or eaten (Nelson 2007).  In the gathering process or the 
preparation of the hides, food, and ceramics, the females most often are in a 
squatting or stooped over position, and thus need the help of their gluteus 
maximus muscle to regain an erect position.  This repetitive movement may 
possibly increase third trochanter formation and explain the higher female 
third trochanter percentage.  In other words, the females could be doing 
more up and down motions with their bodies that may encourage third 
trochanter growth or these results could merely be random. 
Examining the specific age ranges, there are 8 females and males in the 
20-34 yr. age range, 18 in the 35-49 yr. age range, and only two between the 
50-64 yr. age range.  Out of the 112 individuals included in the study, only 10 
out of 51 females had a specific age identified, compared to 18 of the 42 males.  
As a result, 70% of the individuals do not have a specific age identified, which 
is too high for any meaningful examination of the effect of age on third 
trochanter formation.  For the purposes of this study, the age group of 20-34 
yrs. will be referred to as the younger adults while the age group of 35-49 yrs. 
will be referred to as the middle-aged adults.  With only two individuals in the 
50-64 yrs. age range, this category is statistically obsolete in comparison with 
the other two groups because of the small sample size.  Looking at the 
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younger-aged and middle-aged adult groups, we find that both groups 
exhibit a similar third trochanter score of zero (25 and 27% respectively).  A 
third trochanter score of one increases with age fairly dramatically, from 25% 
in the younger adult group to 44% in the middle aged adult group.  A third 
trochanter score of two is more common in the older group (50%) and less 
common in the younger group (11%).  A third trochanter score of three is non-
existent in the younger group (0%) while, 16% of the middle-aged individuals 
exhibit third trochanters with a score of 3.  This suggests that the degree of 
third trochanter expression increases as an individual ages.  Consequently, 
there will be a larger number of middle and older adults exhibiting third 
trochanters with a score of two to three.  This is likely a result of the fact that as 
an individual ages time can only add more stresses on the body through 
continued daily activities and the possibility of pathological conditions 
worsening.  Keep in mind that this idea can only be tested with a bigger 
sample size using multivariate stats.  Graphs 5B and 5C take the numbers a bit 
further by documenting the specific number of males and females in each age 
range. 
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Graph 5B-Third trochanter score graphed by female age groups 
(YA=Younger adults, MA= Middle-aged adults, OA= Older Adult, and ? Age=Undetermined age) 
 
Graph 5C-Third trochanter score graphed by male age groups 
YA=Younger adults, MA= Middle-aged adults, OA= Older Adult, and ? Age=Undetermined 
 
 
When I separate these statistics into males and females within each age 
category, 50% of the females in the younger group have a third trochanter 
score of zero, while none of the younger males scored a zero.  Within the 
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younger adults, 75% of the males have a third trochanter score of two while 
only 25% of the younger females exhibit a similar score.  This might indicate 
more leg use by males or instead just be the result of more general sexual 
dimorphism.  In, the middle aged female adults, a third trochanter score of 
zero decreases to 40% of the sample, while in males increase the percentage 
increases to 23%.  While a third trochanter score of two increases to 40% for 
middle-aged females, no middle-aged male exhibits a score of two.  However, 
54% of the middle-aged males have a third trochanter score of one, and 23% 
have a third trochanter score of three (no younger males exhibit a third 
trochanter score of 3).  With none of the females in either age category 
exhibiting a three, the hypothesis becomes that the males’ activities may be 
more repetitive over a longer period.  The argument then becomes whether 
continual activity or sexual dimorphism accounts for the non-existent three 
scoring for females. The problem with this analysis is that there are no older 
adults to include in the analysis, and therefore it is impossible to determine if 
males’ activities are more repetitive over a longer period.  No older adults 
mean that the timeline is incomplete and no significant differences are found.  
As a result, this, along with the small sample size of each group can only lead 
to general ideas instead of more specific findings.  
When looking at specific subsistence type relative to third trochanter 
size, I realized that in my sample, when grouped by state, Wisconsin had 
more agricultural sites and Michigan had more hunter-gatherer sties.  Chart 
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5D documents the hunter-gatherer versus agricultural sites comparison within 
Michigan, Wisconsin, and Illinois.  The chart includes seven Michigan sites, of 
which six were hunter-gatherer based, six sites from Wisconsin, all of which 
are agricultural based, and one agriculturally based site from Illinois.  
Minnesota has two sites, both of which include individuals with pathologies 
and therefore are not included in the chart below.  
Chart 5D-Number of individuals and percentage of third trochanter scores between state 
 Score 3 Score 2 Score 1 Score 0 
Wisconsin 16 (25%) 20 (32%) 21 (33%) 6 (10%) 
Michigan 6 (17%) 10 (29%) 12 (34%) 7 (20%) 
Illinois 1 (7%) 5 (36%) 5 (36%) 3 (21%) 
 
This chart simply documents the number of individuals and their third 
trochanter scores within the three states.  It seems that the agricultural sites of 
Wisconsin have a higher number of individuals with a third trochanter score of 
two and three than the hunter-gatherer sites of Michigan.  This could possibly 
be due to the unusually high number of individuals within the agriculturally 
based Karow site that exhibit higher scoring third trochanters.  This also may 
partially support the idea that it is difficult to classify groups purely as hunter-
gatherers or agriculturalists.   
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Graph 5E-Third trochanter score graphed by subsistence 
 
My initial thought is that individuals in hunter-gatherer societies would have a 
higher percentage of individuals exhibiting a third trochanter score of two or 
three, while individuals in agricultural societies would have a higher 
percentage of individuals exhibiting a third trochanter score of zero or one.  
However, throughout my statistical analysis the opposite seems to be true, 
with 56% of hunter-gatherers exhibiting a third trochanter score of either zero 
or one, as well as 55% of agriculturalists exhibiting a third trochanter score of 
either two or three.  Although the statistics do not support my original 
hypothesis, they still indicate that a relationship may exist between third 
trochanter formation and pathology and trochanter formation and subsistence 
practices, even though the exact relationship is not clear.  The Karow site 
(47WN57) is an agricultural site whose individuals have the highest 
percentage (69%) of a third trochanter score of three than any other site 
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within this study.  This site also has a higher percentage of individuals with 
bowing than other sites.  I hypothesize that the high percentage of third 
trochanters scoring of three is due to the high rate of femoral torsion.  Prasad 
et al (1996), point out that, 
People in more primitive societies do a great deal more 
squatting, running and jumping than is true of their urban 
contemporaries, and the muscular actions involved may result in 
certain structural alterations of the femur.  The common obturator 
tendon at its insertion into the upper end of the femur results in 
alterations in the torsional angle of the femur (1996:110).   
 
Although femoral torsion may have genetic links, it is likely that environment 
plays an important part as well in its formation. 
My other initial hypothesis was that there is a positive link between 
pathology and third trochanter size, and that diseased individuals will score 
higher on the trochanter robusticity scale than healthy individuals.  This link is 
likely to exist because disease adds stress to the bones and muscle, which in 
turn can increase third trochanter formation accordingly.   
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Graph 5F-Third trochanter scores graphed by individuals with markers of disease 
 
The statistics and graph 5F show that 21% of the 28 diseased individuals 
scored either a zero or a one, 18% scored a two, and 40% of the diseased 
individuals exhibited a third trochanter score of three.  These findings lend 
some support to the hypothesis that pathological conditions may influence 
third trochanter formation.  With 40% of the individuals scoring a three, a 
deeper understanding of the specific diseases is needed to fully indicate a 
positive relationship between disease and third trochanter formation.  
Osteophytic lipping accounts for 46% of the 28 individuals exhibiting 
pathological conditions, while periostitis accounts for 39% (the remaining 
15% is categorized as other pathological conditions).  Consequently, there 
might not only be a link between pathological conditions and third trochanter 
formation, but more specifically between osteophytic lipping, periostitis, and 
third trochanter formation.  
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As for the subadults (n=4) within the study, all of them exhibited a third 
trochanter, while 75% (n=3) of them also had a pathological condition.  Of the 
four subadults, the one individual that was not diseased scored a two on my 
robusticity scale.  The remaining three subadults exhibit third trochanters 
within each of the categories, 1 with a score of 1, 1 with a score of 2 and 1 with 
a score of 3.  All three of these subadults show signs of periostitis.  
Unfortunately, the small sample size does not allow any definitive conclusions 
as to the role of pathology in the formation of third trochanters in subadults.  
I next used a chi-square to test the following null hypothesis: Third 
trochanter formation is independent of subsistence patterns.  The degree of 
freedom is one, while P=<.050 and the region of rejection is 3.84146.  The 
expected and observed numbers are below in charts 5a and 5b, while chart, 
5c documents the chi-square statistics for the above null hypothesis. 
 
Chart 5a: Expected values for null hypothesis one 
  Score 0-1 Score 2-3 Total 
H/G 24.6 26.4 51 
Agric 29.4 31.6 61 
Total 54 58 112 
 
Chart 5b: Observed values for null hypothesis one 
  Score 0-1 Score 2-3 Total 
H/G 27 24 51 
Agric 27 34 61 
Total 54 58 112 
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Chart 5c: Chi-square statistics for null hypothesis one 
 O E O-E (O-E)2 (O-E)2/E 
H/G 0-1 27 24.6 2.4 5.76 0.23 
H/G 2-3 24 26.4 -2.4 5.76 0.21 
AGR 0-1 27 29.4 -2.4 5.76 0.19 
AGR 2-3 34 31.6 2.4 5.76 0.18 
 112 112 0  0.81 
 
The null hypothesis, “Third trochanter formation is independent of 
subsistence patterns,” did not find a significant correlation because .81 is less 
then the region of rejection (3.84146).  Therefore, the hypothesis, “Third 
trochanter occurrence is higher or lower in hunter-gatherer and agricultural 
societies respectively,” is not accepted.  
My second null hypothesis states, “Third trochanter formation is 
independent of pathological conditions.”  The degree of freedom is one, 
while P=<.050 and the region of rejection is 3.84146.  The expected and 
observed values are below in charts 5d and 5e, while 5f documents the chi-
square statistics for null hypothesis two. 
Chart 5d: Expected values for null hypothesis two 
  Score 0-1 Score 2-3 Total 
Diseased 13.2 14.8 28 
Healthy 52.8 59.2 112 
Total 66 74 140 
 
 
Chart 5e: Observed values for null hypothesis two 
  Score 0-1 Score 2-3 Total 
Diseased 12 16 28 
Healthy 54 58 112 
Total 66 74 140 
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Chart 5f: Chi-square statistics for null hypothesis two 
 O E O-E (O-E)2 (O-E)2/E 
Dise 0-1 12 13.2 -1.2 1.44 0.1 
Dise 2-3 16 14.8 1.2 1.44 0.09 
Heal 0-1 54 52.8 1.2 1.44 0.02 
Heal 2-3 58 59.2 -1.2 1.44 0.02 
 140 140 0  0.23 
 
 
The null hypothesis, “third trochanter formation is independent of 
pathological conditions” did not find a significant correlation because .23 is 
less than the region of rejection 3.84146.  Therefore the hypothesis, “third 
trochanter occurrence is higher for diseased individuals than for healthy 
individuals” is not accepted. 
The first null hypothesis falsifying my data may indicate that strenuous 
activities do not necessarily cause higher third trochanter scores, or at least 
not as high as expected.  So on the opposite end, less activity does not cause 
lower third trochanter scores, or at least as low as we expected.  It instead 
may be a less strenuous activity over a longer period.  Another reason could 
also be that the general categories of hunter-gatherer or agriculture may be 
too broad for analysis.  A more specific breakdown of subsistence type is 
needed, such as categorizing only fishing villages and only wild rice 
harvesting populations.  The second null hypothesis being accepted may tell 
us that disease does not affect third trochanter formation directly.  Although 
both null hypotheses falsified my analysis, the hypothesis that trochanter 
formation is affected by outside influences is not completely negated; it is just 
a matter of understanding to what degree formation is influenced by 
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environment and then narrowing down the circumstances that affect formation.  
It is possible that, if sample size was increased, and if research guidelines 
were adjusted, my analysis might not be rejected by both null hypotheses, 
which then might lead to a clearer understanding of how third trochanter 
formation is influenced by outside forces.  For instance, the Karow Site 
(47WN57) is an agricultural site; yet, these individuals have the highest 
percentage (69%) of third trochanter scores of three than any other site.  The 
possibility exists that this high percentage relates to the higher than average 
torsion documented on each individual.  This torsion stresses the body, 
therefore causing larger third trochanter formations; it is also possible that the 
torsion itself is activity based.   
Documentation of femoral torsion, by Prasad et al (1996) indicates that 
the average torsion for adults varies from +10o to +15o and that anything 
higher than +15o is considered pathological.  More recently, Cibulka (2004) 
found that the average femoral head and neck torsion is between 15 and 20 
degrees, more specifically < 15o in males and > 15o in females.  The mean 
torsional degree of the femora within the entire dataset is categorized solely 
by sex and is as follows: males 27.4o, females 27.6o, and undetermined sex 
26.5o.  Appendix G documents specific degrees of torsion within specific 
populations.  Within this dataset, not only is the average torsion higher than 
usual, but torsion between femora of a single individual also varies.  The first 
question to be asked is what causes different femoral torsion in different 
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people or even different torsional degrees between the femora of one 
individual?  Another question, might be what affect will pre-contact population 
activities have on the average torsional degree? 
 
Prasad et al (1996) documents, 
The angle of femoral torsion could be brought about by muscular 
activity and capsular and ligamentous strain in the hip.  Retroversion 
and excessive anteversion can be a result of arrest or unchecked 
torsion or detorsion due to developmental mechanism, endocrine 
factors, nutritional factors, and acquired postural habits.  Extreme 
muscle imbalance could be responsible for extreme degrees of 
femoral torsion (110).  
 
More recently, Cibulka (2004) states,  
The femur twists from torsional forces applied perpendicularly to the 
epiphyseal growth plate.  Increases in pressure across the epiphyseal 
plate will decrease its growth, whereas decreases in pressure will 
increase its rate of growth.  Remodeling of the FNA also may occur 
because of changes in the stress placed on the adult femur’s diaphysis 
by torsional forces.  Muscle, by either its passive elastic connective 
tissue or its contractile force, contributes the greatest stress on bones 
(551). 
 
The above studies are both based on modern populations, while; my dataset 
includes only pre-contact populations.  How this may affect the different 
degrees of torsion seen within different adults is unknown.  However, what is 
known is that the average femoral torsion in my dataset is higher than that in 
most modern populations.  The next step in this research could be to 
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differentiate adult torsion by subsistence and age in order to get an accurate 
look at the possible origins of femoral torsion.   
Third trochanter formation does indeed seem to be activity-based.  
However, activity alone may not always play a part in its formation.  In order 
to accurately state that third trochanter formation is purely activity induced 
more studies with detailed classifications and groupings need to be 
completed, such as measuring and plotting the mean femoral torsion within 
each subsistence group separated by sex, and then measuring femora with 
third trochanter formation in relation to femoral torsion.  The relationship 
between specific diseases and third trochanter formation also needs to be 
researched further in order to understand which factors play the greatest role, 
such as how anatomically close to the femur must the disease be in order to 
influence the development?  For instance, there is one individual within the 
Steuben site (11MA2) with periostitis on the femur and osteomyelitis on the 
tibia and innominate, yet this 45 year old individual exhibits a third trochanter 
score of zero.  In contrast, a younger adult within the same site with 
periodontal disease evident on his mandible exhibits a third trochanter score 
of two, and although periodontal disease and third trochanter formation are 
unlikely to be related why does the younger individual have a higher third 
trochanter score?  The Steuben site is an agricultural site.  Therefore, 
understanding whether genetics or disease has more of an influence on the 
development of third trochanters is vital to furthering our knowledge of this 
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phenomenon.  Once data are collected in reference to pathological third 
trochanter formation and for femoral torsion related third trochanter formation, 
we may be able to deduce the genetic factors affecting third trochanter 
formation.  
The opposing argument links the formation of third trochanter to 
genetics only, but even within this argument, numerous hypotheses exist.  
Mehmet and Basaloglu (2002) deduce that, “As a result of morphometric 
evaluation, there is a relationship between the proximal diaphyseal antero-
posterior diameter and the existence of the third trochanter” (23).  Some 
hypothesize that third trochanter formation is linked to the length and thinness 
of the femur (Apistolakis 1931, Kate 1962), while Lozanoff  (1985) believes it is 
“associated with short femora displaying robust proximal diaphyses.  The 
gluteus maximus muscle may act as a primary factor governing third 
trochanter expression” (157).  Still others, such as Cuvier, recorded the trait in 
animals such as the tapir, rhinoceros, horse, armadillo, and beaver (Hrdlicka 
1937).  Hrdlicka (1937) also points out that “Dollo believed to have seen it in 
some dinosaurs” (134).  My point is that no direct relationship regarding third 
trochanter formation has been definitively accepted.  However, in support of 
the genetics argument, the youngest individual documented as exhibiting a 
third trochanter was a 5-month-old fetus; Hrdlicka (1937) also noted that Costa 
found the presence of third trochanters in 3 four-year-old Fuegian children.  
Children this young obviously have not engaged in activities leading to the 
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development of third trochanters.  The key to finding the answer to third 
trochanter formation is continued analysis within a wide range of genetically 
known individuals over a variety of environments.  As Grüneberg himself 
said, “No simple genetic interpretation is possible.  If these non-metric traits 
are quasi-continuous traits, having an underlying continuity of expression, 
they should be expected to be affected by influences of environment and 
general genetic effects such as sex, just as are other types of continuous 
variation” (Saunders 13 & 399).  
 The next step for future research is to understand not only what causes 
third trochanter formation, but also what does not cause third trochanter 
formation.  For example, how are the daily lives of the individuals who scored 
a zero, different from those who did exhibit third trochanters?  Is there a 
genetic component that affects third trochanter growth?  What about ancestral 
backgrounds?  Does different ancestral background affect third trochanter 
formation?  My research may produced more questions than answers: still, it 
provided some specific questions that may help guide future studies, which 
hopefully will elicit more definitive answers to the question of third trochanter 
formation. 
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Chapter 6 
Conclusions 
Simply put, “We bear a simple mechanical relationship to our 
surroundings.  Any change in that relationship produces a corresponding 
alteration in our anatomy” (Matas 1944: 608).  This idea seems to ring true 
among numerous authors (Dwight 1887; Knusel 2000; Jones 1971; Hawkey and 
Merbs 1995; Jurmain 1999).  While I was not able to confirm my initial 
hypotheses in the analysis, this was more the result of problems with my 
sample than the actual refutation of these hypotheses.  Some of the problems 
that I encountered were the fact that the subsistence modes of my sample sites 
could not be easily classified as more mobile (“hunter-gatherer”) or as more 
sedentary (“agriculturalist”), but instead were probably quite similar to one 
another.  In addition, even if the sites could have accurately been classified 
via their subsistence mode, the range of activities associated with each of 
these subsistence modes is not sufficiently different (i.e. activities affecting 
possible third trochanter formation are common in both mobile and sedentary 
populations).  However, my analysis does suggest a few relationships 
between my original hypotheses and the data.  The first indicates that within 
pathological individuals, 57% of the individuals exhibited a third trochanter 
size of two or three, which also possibly shows a relationship between 
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pathology and third trochanter formation.  Secondly, the femoral torsion mean 
is males’ 27.4o and females’ 27.6o, which is about 100 higher then modern 
population averages, which possibly indicates that pre-contact populations, at 
least in the upper Midwest, may have a higher than average torsional rate 
compared to modern populations and that this torsion may be affecting third 
trochanter formation.  Thirdly, looking at individuals that exhibit a third 
trochanter of any size within the male sex, 81% and female sex, 86% is 
relatively close, possibly indicating that there is not as big of a gap between 
the sexes as previously hypothesized.  Fourthly, other factors, such as 
genetics, femoral torsion, or pathology, may influence trochanter formation 
before environmental ones do.  Lastly, one of the biggest limitations to this 
research is the small sample size.  Larger, more specific numbers are needed 
to indentify specific scientific conclusions.   
Pathology, subsistence, and femoral torsion may increase third 
trochanter formation.  However, more guidelines that are specific are needed 
for future research to understand the exact relationship.  For example, instead 
of simply grouping cultures by hunter-gatherer and agriculturists, adding a 
separate category of semi-sedentary cultures is helpful.  In addition, within 
those three groups, there should be a standard data set for femoral torsion, 
sex, ancestral background, and genetic relation.  This idea is nothing new, 
Shelley Saunders deduced the same in 1978, stating that, “What is needed for 
both cranial and infra-cranial non-metrics is further standardization of trait 
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observation, further data on worldwide trait frequencies and comparisons of 
large, homogenous single site samples of well-known provenience” 
(1978:396).  The biggest problem with the current study is the, “well-known 
provenience” that Saunders discusses, and that not enough information is 
known about the populations within this study in order to draw any firm 
conclusions.  Without more specific information on the populations under 
study, the variables affecting third trochanter formation-genetic relationships, 
different time-periods and areas, along with climate and topography-cannot 
be teased out sufficiently.  
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Appendix A 
Site Details 
Site 
Name 
Site 
Number State Excavators Affiliation Date 
Aitkin 
County 
(Battle 
Island)  21AK9 Minnesota 
Karl Hagglund & 
Geoff Jones 
(1995) 
Late Woodland 
Period- Blackduck 
& Kathio Focus 
9500 BC-
1837 AD 
Arrowhead 
Drive  20MK83 Michigan 
Charles Eyman 
(1962) Middle Woodland 
50 AD (+/- 
120) 
Aztalan 47JE0001 Wisconsin 
Increase 
Lapham (1850) 
Middle 
Mississippian-NCA 
1100 AD-
1300 AD 
Backlund 20ME2 Michigan 
Albert Spaulding 
and Robert 
Hruska (1956) 
Oneota-
Developmental 
Horizon Locality 
1207-1519 
AD 
Big Bend 
2 
47WK0149 
(was reported 
twice and has 
2 numbers 
47WK19) Wisconsin 
Mr. Lafayette 
Ellarson (1902) 
& Mr. E. F. 
Wood (1934) 
1) Middle 
Woodland-Havana 
Hopewell-
Waukesha Phase     
2) Effigy Mound 
Culture 
1) 200BC-
400AD 2) 
800AD-
1100AD  
Bussinger 20SA194 Michigan 
Mr. Arthur 
Graves (1965) 
John Halsey 
(1966-1967) 
Late Woodland-
Western Basin 
Tradition 1000 AD 
Fort 
Wayne 20WN1 Michigan 
John T. Blois 
(1837) Henry 
Gillman (1876) 
T1-Middle & Late 
Woodland-
Wayne/Western 
Basin Tradition 
Separately              
T2- Late 
Woodland site- 
Wayne/Western 
Basin Tradition 
together               
T3-Late Woodland 
Site-Western 
Basin Tradition 750 AD  
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Site 
Name 
Site 
Number 
 
State 
 
Excavators 
 
Affiliation 
 
Date 
Helget 21BW82 Minnesota 
Karl Hagglund, 
Tony Mathys, 
and Bruce 
Koenen (1995) 
Middle Woodland-
Fox Lake Phase 
50 AD-130 
AD 
Jason King 
(Lucy) 20MR2 Michigan 
W.B. Hinsdale, 
E.F. Greenman, 
and Carleton 
Angell (1937) 
Late Archaic/ Late 
Woodland 
None 
Identified 
Juntunen   20MK1 Michigan 
James Griffin 
(1932), Alan 
McPherron 
(1961) & 
Charles Eyman 
(1963) 
Late Woodland-
Juntunen Phase 
800 AD-
1400 AD 
Karow Q6 47WN0057 Wisconsin 
A.P. 
Kannenberg & 
L.J. Dart (1932) 
W.C. McKern 
(1945) 
Oneota Lake-
Winnebago 
Phase-Ho Chunk 
Ancestors 
1350 AD-
1500 AD 
Kratz 
Creek 47MQ0039 Wisconsin 
S.A. Barrett 
(1917) 
Late Woodland-
Effigy Mound 
Culture-NCA 
800 AD-
1100 AD 
Oconto 
County 47OC45 Wisconsin 
R.A. 
Ritzenthaler and 
W.Wittry (1952) 
Archaic-Copper 
Complex 2590 BC 
Raisbeck 
03   47GT0112 Wisconsin 
W.C. McKern 
(1932) 
Late Woodland-
Middle Effigy 
Mound Phase-NCA 
800 AD-
1000 AD 
Steuben 
11MA2(not 
201..mich 
was wrong) Illinois 
Dr. James 
Griffin and 
Albert Spaulding 
(1955) 
Late Hopewell-
Crew or Steuben 
Focus 
1275-2010 
AD 
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Site 
Name 
Site 
Number 
 
State 
 
Excavators 
 
Affiliation 
 
Date 
Younge   20LP1 Michigan 
Dr. Greenman 
(1935) 
T1-Late 
Woodland-Younge 
Tradition-    T2-
Late Woodland-
Western Basin 
Tradition 
900 AD-
1100 AD 
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Appendix B 
Data 
Usable Data Zero One Two  Three Total 
Female 23-34 1 1 1 0 3 
Prob Female 23-34 1 0 0 0 1 
Female 35-46 2 1 2 0 5 
Female 46-58 0 0 1 0 1 
Female Undert. Age 2 15 11 3 31 
Prob Female Undert. Age 1 1 5 3 10 
      
Male 23-34 0 1 2 0 3 
Prob Male 23-34 0 0 1 0 1 
Male 35-46 3 6 0 3 12 
Prob Male 35-46 0 1 0 0 1 
Male 46-58 0 1 0 0 1 
Male Undert. Age 5 4 2 4 15 
Prob Male Undert. Age 0 1 3 5 9 
Undert Age and Sex 1 5 8 5 19 
      
Diseased Data      
Prob Female 23-34 1 0 0 0 1 
Female 35-46 0 0 0 2 2 
Female Undert Age 1 2 1 1 5 
Prob Female Undert Age 0 0 0 1 1 
      
Male 35-46 1 0 0 2 3 
Prob Male 35-46 0 0 1 1 2 
Male 46-58 0 0 0 1 1 
Prob Male 46-58 1 0 0 0 1 
Male Undert.  Age 1 3 1 2 7 
Prob Male Undert Age 0 0 1 0 1 
      
Undert Age and Sex 0 0 0 1 1 
      
Adult 35-46 0 1 1 0 2 
Adult 46-58 1 0 0 0 1 
      
Subadults      
Subadults Non-Diseased 0 0 1 0 1 
Subadults Diseased 0 1 1 1 3 
Grand Totals 22 44 43 35 144 
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Appendix C 
Chi-Square Statistics 
Null Hypothesis Number One: 
H0: Third trochanter formation is independent from subsistence  
       patterns. 
 
Degree of Freedom=1        P=<.050      Region of Rejection=3.84146 
 
Observed    
  Score 0-1 Score 2-3 Total 
H/G 27 24 51 
Agric 27 34 61 
Total 54 58 112 
 
Expected    
  Score 0-1 Score 2-3 Total 
H/G 24.6 26.4 51 
Agric 29.4 31.6 61 
Total 54 58 112 
 
 O E O-E (O-E)2 (O-E)2/E 
H/G 0-1 27 24.6 2.4 5.76 0.23 
H/G 2-3 24 26.4 -2.4 5.76 0.21 
AGR 0-1 27 29.4 -2.4 5.76 0.19 
AGR 2-3 34 31.6 2.4 5.76 0.18 
 112 112 0  0.81 
 
N0= The null hypothesis above is accepted because .81 is less then 3.84146, 
therefore the hypothesis, "third trochanter occurrence is higher or lower in hunter-
gather and agricultural societies respectively," is rejected. 
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Null Hypothesis Number Two: 
 
H0: Third trochanter formation is independent from pathological  
        conditions. 
 
Degree of Freedom=1        P=<.050      Region of Rejection=3.84146 
 
observed    
  Score 0-1 Score 2-3 Total 
Diseased 12 16 28 
Healthy 54 58 112 
Total 66 74 140 
 
expected    
  Score 0-1 Score 2-3 Total 
Diseased 13.2 14.8 28 
Healthy 52.8 59.2 112 
Total 66 74 140 
 
 O E O-E (O-E)2 (O-E)2/E 
Dise 0-1 12 13.2 -1.2 1.44 0.1 
Dise 2-3 16 14.8 1.2 1.44 0.09 
Heal 0-1 54 52.8 1.2 1.44 0.02 
Heal 2-3 58 59.2 -1.2 1.44 0.02 
 140 140 0  0.23 
 
N0= The null hypothesis above is accepted because .23 is less then 3.84146, 
therefore the hypothesis, "third trochanter occurrence is higher for diseased 
individuals than for healthy individuals,” is not accepted.   
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Appendix D 
Pathological and Excluded Individuals 
Any individual with disease, healed or active, on innominate, femur, tibia, or fibula were 
separated within the study.  Subadults and individuals over 60 years of age were excluded 
from the study.  It should be noted that no individuals were identified as being 60 years or 
older.  
 
Site Name Bone # Pathology or Reason for Exclusion 
Aitkin 150.6.1 Lipping on Femoral Condyles 
Aztalan 26541/6948 Subadult 
Aztalan 49558 Disease on Tibia 
Aztalan 26862/6948 Dislocation on Innominate 
Bussinger 70482 Osteophytes on Linea Aspera, Condyles and on Tibia. 
Bussinger 70456 Healed Periostitis on Tibia 
Fort Wayne 78354 Lipping on Femoral Condyles 
Helget H291-4g Subadult 
Helget H291-4g Lipping on Femoral Condyles 
Juntunen 64518 Subadult 
Juntunen 41263 Osteophytic Lipping on Femoral Condyles 
Juntunen 41241 Periostitis on Femur 
Juntunen 41261 Heavy Osteophytes on Greater Trochanter 
Juntunen 41245 Periostitis on Femur 
Juntunen 41264 Periostitis on Tibia 
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Site Name Bone # Pathology or Reason for Exclusion 
Juntunen 41244 Periostitis on Tibia 
Juntunen 41256 
Periostitis on Femur, Extra Lesser Trochanter, 
Osteophytic Lipping of Sacral body and Non-
fusion of Superior sacral face. 
Juntunen 41240 Periostitis in Acetabulum 
Karow 45992/12558 Disease on Tibia and some lipping present 
Karow 46060/12558 Lipping on Femoral head 
Karow 45672/12558 Lipping on Femoral Condyles 
Karow 46192/12558 Lipping 
Karow 45993/12558 Matching record 
Karow 45712/12558 Matching record 
Oconto Co 50243/17276 Disease on Femur and Tibia 
Oconto Co 50235/17276 Matching record 
Raisbeck 38937/10474H Possible Disease on Ischium (taken out for safety) 
Steuben 48262 Subadult 
Steuben 58257 Periostitis on Femur and Tibia 
Steuben 58229 Periostitis on Fibula and Tibia 
Steuben 58238 Periostitis on Femur and Osteomyelitis on Tibia and Innominate 
Steuben 58224 Periostitis on Femora 
Steuben 58263 Osteomyelitis on Tibia and Fibula 
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Site Name Bone # Pathology or Reason for Exclusion 
Steuben 58223 Osteophytic Linea Aspera 
Steuben 58244 Osteoarthritis on Femoral Condyles 
Steuben 58224 Matching record 
Steuben 58226 Possibility of Two individuals. 
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Appendix E 
Robusticity Charts 
Minnesota State University, Mankato Osteology Laboratory 
Third Trochanter Robusticity Index 
 
 
0 (none)     1 (Faint)      2 (Moderate)     3 (Strong) 
 
 
1 (Faint) 
The cortex is only slightly rounded, and often not visible without viewing under a strong 
light.  The elevation is, however, apparent to the touch, although no distinct crests or 
ridges have formed.  (Hawkey and Merbs 1995) 
 
The bone cortex is pronounced slightly at the insertion site; it is smooth to the touch and 
more rounded at the edges/ No crest, ridges, or sharp areas have formed.  (Armstrong 
2003) 
 
2 (Moderate) 
The cortical surface is uneven, with a mound-shaped elevation that is easily observable.  
No sharp ridges or crests have formed.  (Hawkey and Merbs 1995) 
 
Enthesopathy is clear to both sight and touch; the cortex is somewhat smooth with 
moderate crests or ridges but not yet sharp.  (Armstrong 2003) 
 
3 (Strong) 
Distinct, sharp crests or ridges have formed.  Often, there maybe a slight depression 
between two crests, but the depression does not extend into the cortex.  (Hawkey and 
Merbs 1995)  
 
Enthesopathy appears robust and large in proportion; sharp crests or ridges are distinct 
and visible to sight and touch.  (Armstrong 2003)   
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Minnesota State University, Mankato Osteology Laboratory 
Third Trochanter Robusticity Index 1 
 
 
0 (None)     1 (Faint)      2 (Moderate)     3 (Strong) 
 
0 (None) 
The cortex does not exhibit an enlarged tuberosity on the superior end of the gluteal line.  
General scarring may be present from the gluteus maximus muscle, but there is no 
distinct elevation increase lateral of the lesser trochanter.  (See figure 1) 
 
1 (Faint) 
The cortex exhibits a slightly rounded and elevated tuberosity on the surface lateral to the 
lesser trochanter.  This elevation is often apparent to the touch and is usually visible 
under normal lighting.  The tuberosity is small in mass and may be smooth to the touch or  
(depending on the amount of scarring) have small crests/ridges spread out over a larger 
area.  (See figure 2) 
 
2 (Moderate) 
The tuberosity has a moderate amount of mass that is easily observable and often mound-
shaped.  The tuberosity is well defined and may be either smooth to the touch or exhibit 
crests/ridges that are spread out over a larger area.  (See figure 3) 
 
3 (Strong) 
The tuberosity takes either a mound-shape appearance with an extensive amount of mass 
or an elliptical shaped mass that is spread out over a larger area.  (See figure 4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1  S. Binkley 2006, after Hawkey and Merbs 1995 and Armstrong 2003 
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FIGURE 1 
 
 
Third Trochanter scoring 0 (None) 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  69     
     
FIGURE 2 
 
 
Third Trochanter scoring 1 (Faint) 
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FIGURE 3 
 
 
Third Trochanter scoring 2 (Moderate) 
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FIGURE 4 
 
 
Third Trochanter scoring 3(Strong) 
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Appendix F 
Pictures 
Third trochanter score of 3 
 
 
Periostitis on a Tibia 
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Third trochanter score of zero 
 
Healthy individual with bowing and a third trochanter score of 3 (from Karow Site) 
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Extra lesser trochanter (included with pathological individuals due to other conditions) 
 
Third trochanter score of 2 
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Appendix G 
Femoral Torsion Data 
 
Diseased males are in bold with an * next to the name. 
Left femur is represented by LT and the right femur is represented by RT 
All numbers are in degrees. 
Males 00-150 16
0-
200 
210-
250 
260-
300 
310-
350 
360-
400 
410-
450 
460-
500 
510-
550 
                    
Aztalan       RT-30           
Aztalan       LT-30           
Aztalan LT-15                 
Backlund       RT-30 LT-32         
Big Bend   LT-20 RT-25             
Big Bend     RT-24             
Bussinger*       LT-30           
Bussinger     RT-25 LT-27           
Bussinger       LT-27  RT-30           
Bussinger*       LT-30 RT-28           
Bussinger       LT-27     RT-44     
Fort 
Wayne*   RT-20               
Jason King           LT-37       
Jason King               LT-50   
Juntunen       LT-29           
Juntunen       LT-29  RT-27           
Juntunen   RT-17               
Juntunen       RT-29           
Juntunen       LT-30 RT-33         
Juntunen*         LT-35 RT-31         
Juntunen*   LT-20 RT-25             
Juntunen     LT-24             
Juntunen           LT-38       
Juntunen*   LT-18   RT-18               
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Males 00-150 16
0-
200 
210-
250 
260-
300 
310-
350 
360-
400 
410-
450 
460-
500 
510-
550 
Juntunen*   LT-20       RT-38       
Karow               LT-46   
Karow*   RT-20 LT-23             
Karow LT-5                 
Karow LT-5                 
Karow*                 RT-55 
Karow*         LT-35         
Kratz       LT-28           
Oconto     LT-25   RT-35         
Raisbeck*   RT-20   LT-29           
Raisbeck     LT-22 RT-25             
Raisbeck     RT-25             
Raisbeck           LT-36       
Raisbeck     RT-23             
Raisbeck     RT-22             
Steuben   LT-20 RT-25             
Steuben     LT-22             
Steuben     RT-25             
Steuben*           LT-38       
Steuben     LT-23 RT-27           
Steuben       RT-27 LT-35         
Steuben RT-10   LT-24             
Steuben           RT-39       
Steuben*       LT-29           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diseased females are in bold with an * next to the name. 
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Left femur is represented by LT and the right femur is represented by RT 
All numbers are in degrees. 
 
Females 00-150 16
0-
200 
210-
250 
260-
300 
310-
350 
360-
400 
410-
450 
460-
500 
510-
550 
                    
Aztalan 
*         RT-35     LT-50   
Aztalan       LT-25             
Aztalan
*         LT-35 RT-37       
Backlund   LT-20   RT-30           
Big Bend LT-12   RT-25             
Bussinge
r         LT-35 RT-38       
Bussinge
r       LT-30           
Bussinge
r         RT-35         
Helget*       LT-30           
Jason 
King   
LT-20   
RT-
17 
              
Jason 
King   
RT-
20               
Juntunen   LT-17               
Juntunen   RT-20   LT-29           
Juntunen LT-15                 
Juntune
n*       
LT-
28   RT-40       
Juntune
n* LT-15     
RT-
28           
Juntune
n* LT-5     
RT-
27           
Juntunen   LT-20         RT-45     
Juntunen           LT-40  RT-40       
Karow       LT-29           
Karow* LT-5                 
Karow         RT-35         
Karow     LT-21             
Karow               LT-50   
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Females 
 
00-150 
 
160- 
200 
 
210-
250 
 
260-
300 
 
310-
350 
 
360-
400 
 
410-
450 
 
460-
500 
 
510-
550 
Kratz     LT-25             
Kratz         RT-35         
Kratz   LT-20               
Kratz       RT-30           
Kratz         LT-35         
Kratz           RT-39       
Kratz     LT-23             
Kratz     LT-24             
Kratz         RT-35         
Kratz RT-15                 
Kratz       LT-26           
Kratz         LT-32      
Kratz       RT-27           
Kratz     LT-22             
Kratz           LT-40       
Oconto         RT-35         
Raisbeck     LT-24             
Raisbeck   LT-20               
Steuben     RT-23   LT-33         
Steuben RT-15   LT-25             
Steuben
*     LT-25             
Steuben           RT-39       
Steuben
*   
RT-
17               
Younge       LT-30           
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Diseased individuals are in bold with an * next to the name. 
Left femur is represented by LT and the right femur is represented by RT 
All numbers are in degrees. 
 
Undeter. 
Sex 0
0-150 16
0-
200 
210-
250 
260-
300 
310-
350 
360-
400 
410-
450 
460-
500 
510-
550 
Arrowhead    RT-30 LT-32     
Aztalan    RT-30      
Big Bend    LT-30      
Bussinger  RT-17        
Bussinger    LT-30  RT-28      
Juntunen   RT-25  LT-35     
Karow RT-12         
Karow    RT-27 LT-35     
Karow    RT-30      
Oconto   RT-25       
Oconto* LT-12 RT-17        
Raisbeck     LT-34     
Raisbeck RT-13         
Raisbeck     RT-34     
Steuben LT-9         
Steuben       RT-44   
Younge      RT-37    
Younge   LT-24       
          
 
 
Totals: 
Males Average= 1865/68=27.40 
Females Average= 1717/62=27.60 
Undetermined Sex Average=620/23=26.50 
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